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MRAM DEVICE HAVING LOW-K INTER-METAL DIELECTRIC 
BACKGROUND 

[0001] The present disclosure relates generally to magnetic random access memory 
(MRAM) devices and, more specifically, to an MRAM device having a low-k dielectric material. 
[0002] MRAM devices often include an inter-metal dielectric (IMD) layer interposing an 
MTJ cell or staclc and a bit line, word line, program line, or other conductive layer. However, 
the electrical characteristics of the material employed in the IMD layer can detrimentally affect 
performance of such MRAM devices. For example, high permittivity of the IMD layer can 
increase RC delay of the MRAM devices during read/write operations. Undesirable electrical 
characteristics of the IMD layers can also undesirably cause fault signal detection during 
multiple-byte read operations. 

[0003] One attempt at solving such problems has been to increase the thickness of the IMD 
layer, at least in the region interposing the MTJ stack and a proximate bit line, program line, 
and/or word line. However, such an increase expands the overall size of the MRAM device and, 
consequently, the chip and end-use apparatus incorporating such MRAM devices. Moreover, 
those skilled in the art will recognize that an increase in physical size of MRAM devices and 
circuit, chips, etc. incorporating the devices will be accompanied by a corresponding increase in 
cost per chip. Furthermore, chip reliability is often inversely proportional to chip size, such that 
MRAM devices incorporating thicker IMD layers can exhibit excessive failure rates. 
[0004] Accordingly, what is needed in the art is a memory device that addresses the above 
discussed issues, a method of manufacture thereof, and a system including the same. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Aspects of the present disclosure are best understood from the following detailed 
description when read with the accompanying figures. It is emphasized that, in accordance with 
the standard practice in the industry, various features are not drawn to scale. In fact, the 
dimensions of the various features may be arbitrarily increased or reduced for clarity of 
discussion. 

[0006] Fig. 1 illustrates a block diagram of one embodiment of an integrated circuit 
constructed according to aspects of the present disclosure. 

[0007] Fig. 2 illustrates a block diagram of one embodiment of an MRAM cell constructed 

according to aspects of the present disclosure. 

[0008] Fig. 3 illustrates a sectional view of one embodiment of an MRAM device 
constructed according to aspects of the present disclosure. 

[0009] Fig. 4 illustrates a sectional view of another embodiment of an MRAM device 
constructed according to aspects of the present disclosure. 

[0010] Fig. 5 illustrates a sectional view of another embodiment of an MRAM device 
constructed according to aspects of the present disclosure. 

[0011] Fig. 6 illustrates a sectional view of another embodiment of an MRAM device 
constructed according to aspects of the present disclosure. 

[0012] Fig. 7 illustrates a sectional view of another embodiment of an MRAM device 
constructed according to aspects of the present disclosure. 

[0013] Fig. 8 illustrates a sectional view of one embodiment of an integrated circuit device 
constructed according to aspects of the present disclosure. 



DETAILED DESCRIPTION 

[0014] It is to be xmderstood that the following disclosure provides many different 
embodiments, or examples, for implementing different features of various embodiments. 
Specific examples of components and arrangements are described below to simplify the present 
disclosure. These are, of course, merely examples and are not intended to be limiting. In 
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addition, the present disclosure may repeat reference numerals and/or letters in the various 
examples. This repetition is for the purpose of simpHcity and clarity and does not in itself dictate 
a relationship between the various embodiments and/or configurations discussed. Moreover, the 
formation of a first feature over or on a second feature in the description that follows may 
include embodiments in which the first and second features are formed in direct contact, and may 
also include embodiments in which additional features may be formed interposing the first and 
second features, such that the first and second features may not be in direct contact. 
[0015] Referring to Fig. 1, illustrated is a block diagram of one embodiment of an integrated 
circuit 50 that is one example of a circuit that can benefit fi:-om aspects of the present disclosure. 
The integrated circuit 50 includes a memory cell array 52 that can be controlled by an array logic 
54 through an interface 55. The memory cell array 52 may comprise an array of magnetic 
random access memory (MRAM) devices, embodiments of which are described below. It is well 
known in the art that various logic circuitry, such as row and column decoders and sense 
amplifiers, can be included in the array logic 54, and that the interface 55 may include one or 
more bit lines, gate lines, digit lines, control lines, word lines, and/or other communication paths 
to interconnect the memory cell array 52 with the array logic 54. These communication paths 
may hereinafter be referred to as bit lines or word lines, it being understood that different 
appUcations of the present disclosure may use different communication paths. The integrated 
circuit can fiirther include other logic 56 such as counters, clock circuits, and processing circuits, 
and input/output circuitry 58 such as buffers and drivers. 

[0016] Referring to Fig. 2, one embodiment of the memory cell array 52 of Fig. 1 may 
include one or more MRAM devices or cells 60, Each MRAM cell 60 does not need to be 
commonly configured, but for the sake of example, can be generically described as including a 
configuration of MTJ devices 62 and a switching device 64. Examples of various embodiments 
of the MTJ devices 62 are discussed in further detail below, and examples of the switching 
device 64 include a metal oxide semiconductor (MOS) transistor, an MOS diode, and/or a 
bipolar transistor. The memory cell 60 can store 1, 2, 3, 4 or more bits, but for the sake of 
fiirther example, a two bit configuration will be discussed. Also, the present disclosure is 
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applicable and/or readily adaptable to single and double junction MTJ devices with different MR 
ratios, where there can be four magneto-resistance levels. The different MR ratios may facilitate 
the capability of sensing at least four levels of magneto-resistance, and the capacity to store at 
least two bits. 

[0017] The MRAM cell 60 may include a first terminal 66, a second terminal 68, and a third 
terminal 70. For the sake of example, the first terminal 66 may be connected to one or more bit 
lines and produce an output voltage in a read operation, which is provided to the bit Une(s). The 
second terminal 68 may be connected to one or more word lines, which can activate the cell 60 
for a read or write operation. The third terminal 70 may be proximate a control line, such as a 
gate or digit line, and can provide a current for producing a magnetic field to effect the MTJ 
configuration 62. It is understood that the arrangement of bit lines, word Hnes, control Hues, and 
other communication signals can vary for different circuit designs, and the present discussion is 
only exemplary of such an arrangement. 

[0018] Referring to Fig. 3, illustrated is a sectional view of one embodiment of an MRAM 
device 300 constructed according aspects of the present disclosure. The MRAM device 300 
includes a conductive layer 310 located over a substrate 305, possibly separated from the 
susbtrate 305 by a dielectric material 307. The MRAM device 300 also includes a low-k 
dielectric layer 320 located over the conductive layer 310, and an MTJ stack 330 located over the 
low-k dielectric layer 320. Although not illustrated, additional features or layers may interpose 
the low-k dielectric layer 320 and the MTJ stack 330, and/or interpose the low-k dielectric layer 
320 and the conductive layer 310. 

[0019] The susbtrate 305 may be or comprise a silicon-on-insulator (SOI) substrate, a 
polymer-on-silicon substrate, silicon, gallium arsenide, gaUium nitride, strained silicon, silicon 
germanium, silicon carbide, carbide, diamond, and/or other materials. In one embodiment, the 
substrate 305 comprises a fully depleted SOI substrate wherein an active device silicon layer 
thickness may range between about 200 nm and about 500 nm. The substrate 305 may also 
include an air gap providing insulation for the MRAM device 300. For example, the substrate 
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305 may be or comprise a "silicon-on-nothing" (SON) substrate including a thin insulation layer 
comprising air and/or another gaseous composition. 

[0020] The dielectric material 307 may comprise silicon dioxide, Black Diamond® (a 
product of Applied Materials of Santa Clara, California), and/or other materials, and may be 
formed by chemical vapor deposition (CVD), plasma enhanced CVD (PECVD), atomic layer 
deposition (ALD), physical vapor deposition (PVD), spin-on coating, and/or other processes. 
The thickness of the dielectric layer 307 may range between about 2000 angstroms and about 
15,000 angstroms. In one embodiment, the portion of the dielectric layer 307 interposing the 
conductive layer 310 and the substrate 305 may have a thickness ranging between about 200 
angstroms and about 2000 angstroms. The dielectric layer 307 may also comprise a plurality of 
dielectric layers. 

[0021] The conductive layer 310 may be or comprise a bit line, a gate line, a digit line, a 
control line, a word line, and/or other communication paths possibly employed to interconnect 
the MRAM device 300 with other components, including other MRAM devices (such as in a 
memory cell array), array logic, and/or other components. The conductive layer 310 may 
comprise copper, aluminum, gold, silver, tungsten, alloys/compounds thereof, and/or other 
conductive materials, and may be formed by CVD, PECVD, ALD, PVD, electro-chemical 
deposition, molecular manipulation, and/or other processes, possibly to a thickness ranging 
between about 200 angstroms and about 2000 angstroms. The conductive layer 310 may also 
comprise a plurality of layers. For example, the conductive layer 310 may comprise a barrier 
layer or other layers possibly comprising titanium, tantalum, titanium nitride, tantalum nitride, 
tungsten nitride, silicon carbide, other refractory metals, and/or other materials. 
[0022] The low-k dielectric layer 320 may comprise fluoride-doped silicate glass (FSG), 
Black Diamond®, xerogel, aerogel, amorphous fluorinated carbon, parylene, benzocyclobutenes 
or bis-benzocyclobutenes (collectively referred to herein as BCB), SiLK (a product of Dow 
Chemical of Midland, Michigan), and/or materials having a dielectric constant of about 3.9 or 
less. In one embodiment, the low-k dielectric layer 320 comprises a material having a dielectric 
constant of 2.8 or less, such as poly(arylenes), cyclotenes, parylene, poly(norbomenes). 
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polyimide nanofoams, and/or other materials. The low-k dielectric layer 320 may also comprise 
an ultra low-k material having a dielectric constant less than about 2.0, such as porous SiLK and 
Teflon microemulsion. The low-k dielectric layer 320 may also be a portion of the dielectric 
material 307. That is, the dielectric material 307 may comprise a low-k or ultra low-k material 
that includes a portion (i.e., 320) interposing the MTJ stack 330 and the conductive layer 310. 
[0023] The MTJ stack 330 may comprise a free layer and a pinned layer on opposing sides of 
a tunneling barrier layer. The pinned layer may comprise a ferromagnetic material wherein 
magnetic dipoles and moments are magnetically "pinned," such as by an adjacent or proximate 
pinning layer comprising an anti-ferromagnetic layer or an anti-ferromagnetic exchange layer. 
Such a pinned layer may comprise NiFe, NiFeCo, CoFe, Fe, Co, Ni, alloys/compounds thereof 
and/or other ferromagnetic materials, and the pinning layer may comprise MnFe, IrMnIn, IrMn, 
CrPtMn, alloys/compounds thereof and/or other antiferromagnetic materials. Antiferromagnetic 
materials may be those in which substantially complete magnetic moment cancellation has 
occiuxed as a resuh of antiparallel coupling of adjacent atoms or ions, such that an element made 
from antiferromagnetic materials possesses no net magnetic moment. A free layer may be 
substantially similar in composition and manufacture to the pinned layer described above. 
However, such a free layer is not adjacent an antiferromagnetic material and, therefore, may not 
be pinned. Thus, the magnetic dipoles in the free layer may be aligned in more than one 
direction. A tunneling barrier layer may comprise SiOx, SiNx, SiOxNy, AlOx, TaOx, TiOx, AlNx, 
and/or other non-conductive materials, and may electrically insulate the pinned layer from the 
free layer. The free layer may interpose the pinned layer and the substrate 305, or the pinned 
layer may interpose the free layer and the substrate 305. 

[0024] Referring to Fig. 4, illustrated is a sectional view of another embodiment of the 
MRAM device 300 shown in Fig. 3, herein designated by the reference numeral 400. The 
MRAM device 400 includes the substrate 305, conductive layer 310, low-k dielectric layer 320, 
and MTJ stack 330 shown in Fig. 3. However, the MTJ stack 330 of the MRAM device 400 
interposes the low-k dielectric layer 320 and the substrate 305, in contrast to the MRAM device 
300 shown in Fig. 3. That is, at least in the orientations shown in Figs. 3 and 4, the MTJ stack 
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330 is located over the conductive layer 310 in the MRAM device 300, and the MTJ stack 330 is 
located under the conductive layer 3 10 in the MRAM device 400. However, in both 
embodiments, the low-k dielectric layer 320 interposes the conductive layer 310 and the MTJ 
stack 330. 

[0025] Referring to Fig. 5, illustrated is a sectional view of another embodiment of the 
MRAM device 300 shown in Fig. 3, herein designated by the reference numeral 500. The 
MRAM device 500 includes the substrate 305, conductive layer 310, low-k dielectric layer 320, 
and MTJ stack 330 shown in Fig. 3. However, the MRAM device 500 also includes an 
additional conductive layer 315, which may be substantially similar in composition and 
manufacture to the conductive layer 310. As shown in Fig. 5, the low-k dielectric layer 320 may 
interpose the conductive layers 310, 315, and the low-k dielectric layer 320 and the conductive 
layers 310, 315 may collectively interpose the MTJ stack 330 and the substrate 305. The 
conductive layer 315 may also directly contact the MTJ stack 330, although in some 
embodiments one or more additional features or layers may interpose the conductive layer 315 
and the MTJ stack 330 and/or interpose the conductive layer 315 and the low-k dielectric layer 
320. In one embodiment, one of the conductive layers 310, 315 may be or comprise a program 
line, and the other of the conductive layers 310, 315 maybe or comprise a bit line. Of course, 
each of the conductive layers 310, 3 15 may also be or comprise a gate line, a digit Hne, a control 
line, a word line, and/or other communication paths possibly employed to interconnect the 
MRAM device 500 with other components. 

[0026] Referring to Fig. 6, illustrated is a sectional view of another embodiment of the 
MRAM device 500 shown in Fig. 5, herein designated by the reference numeral 600. The 
MRAM device 600 includes the substrate 305, conductive layers 310, 315, low-k dielectric layer 
320, and MTJ stack 330 shown in Fig. 5. However, the MTJ stack 330 of the MRAM device 
600 interposes the substrate 305 and, collectively, the conductive layers 310, 315 and the low-k 
dielectric layer 320. That is, at least as shown in Fig. 6, the MTJ stack 330 is located over the 
substrate 305, the conductive layer 310 is located over the MTJ stack 330, the IMD layer 320 is 
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located over the conductive layer 310, and the conductive layer 315 is located over the IMD 
layer 320. 

[0027] Referring to Fig. 7, illustrated is a sectional view of another embodiment of the 
MRAM device 300 shown in Fig. 3, herein designated by the reference numeral 700, The 
MRAM device 700 includes the substrate 305, conductive layer 310, low-k dielectric layer 320, 
and MTJ stack 330 shown in Fig. 3. However, the MRAM device 700 also includes an 
additional conductive layer 315, additional low-k dielectric layers 325, 327, and an additional 
MTJ stack 335, which may be substantially similar in composition and manufacture to the 
conductive layer 310, the low-k dielectric layer 320, and the MTJ stack 330, respectively, shown 
in Fig. 3. As shown in Fig. 5, the low-k dielectric layer 320 may interpose the conductive layer 
310 and the MTJ stack 330, and the low-k dielectric layer 325 may interpose the conductive 
layer 315 and the MTJ stack 335. Moreover, the low-k dielectric layer 327 may interpose the 
MTJ stacks 330, 335, such that the MTJ stacks 330, 335 laterally oppose the low-k dielectric 
layer 327 over the substrate 305. Consequently, the low-k dielectric layer 327 may electrically 
isolate the MTJ stacks 330, 335. In one embodiment, such as shown in Fig. 7, the MTJ stacks 
330, 335, and possibly the low-k dielectric layer 327, may be substantially coplanar. 
[0028] Referring to Fig. 8, illustrated is a sectional view of one embodiment of an integrated 
circuit device 800 constructed according to aspects of the present disclosure. The integrated 
circuit device 800 is one embodiment in which one or more of the MRAM devices 300, 400, 
500, 600 shown in Figs. 3-6, respectively, may be implemented. For example, the integrated 
circuit device 800 may include an MRAM device 802 that is substantially similar to the MRAM 
devices 300, 400, 500, 600, 700 shown in Figs. 3-7, respectively. 

[0029] The integrated circuit device 800 includes a substrate 805 that may be substantially 
similar in composition and manufacture to the substrate 305 shown in Fig. 3. The substrate 805 
may also include a plurality of transistors, memory cells, and/or other microelectronic devices. 
For example, in the illustrated embodiment, the integrated circuit device 800 includes metal- 
oxide-semiconductor field-effect-transistor (MOSFET) devices 807 each having source/drain 
contacts 808 formed at least partially in the substrate 805. 
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[0030] The integrated circuit device 800 also includes a plurality of dielectric layers 810a- 
810j which may each be substantially similar to the dielectric material 307 shown in Fig. 3. 
However, at least one of the dielectric layers 810a-810j may be substantially similar to the low-k 
dielectric layer 320 shown in Fig. 3. For example, in the embodiment shown in Fig. 8, at least 
one of the dielectric layers 810e, 81 Of, 810g, and 81 Oh may comprise a low-k dielectric material 
having a dielectric constant of about 3.9 or less. 

[0031] The integrated circuit device 800 also includes a pluraUty of interconnects 820a-820n 
extending along and/or through one or more of the dielectric layers 810a-810j. The 
interconnects 820 may comprise copper, tungsten, gold, aluminum, carbon nano-tubes, carbon 
fullerenes, refractory metals, and/or other materials, and may be formed by CVD, PECVD, ALD, 
PVD, and/or other processes. One or more of the interconnects 820a-820n may conductively 
couple ones of the MOSFET devices 807 and/or other devices formed, in, over, and/or on the 
substrate 805 or otherwise included in the integrated circuit device 800. For example, in the 
illustrated embodiment, the interconnects 820c-820h collectively interconnect a source/drain 
contact 808 of one of the MOSFET devices 807 to an MTJ stack 830 of the MRAM device 802, 
and the interconnect 820j is a bit hne possibly interconnecting the MTJ stack 830 to a 
neighboring MTJ stack or other device outside of the view boundary. The MTJ stack 830 may 
be substantially similar to the MTJ stack 330 shown in Fig. 3. Consequently, because at least 
one of the dielectric layers 810e-h may comprise a low-k dielectric material, at least a portion of 
the dielectric material interposing the MTJ stack 330 and one or more proximate conductive 
features may comprise a low-k dielectric material. 

[0032] Thus, the present disclosure provides an MRAM device comprising an MTJ stack 
located over a substrate, a conductive layer proximate with the MTJ stack and located over the 
substrate, and a low-k dielectric layer interposing the conductive layer and the MTJ stack. The 
conductive layer may interpose the substrate and the MTJ stack, or the MTJ stack may interpose 
the substrate and the conductive layer. 
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[0033] In another embodiment, an MRAM device constructed according to aspects of the 
present disclosure includes an MTJ stack, first and second conductive layers each contacting the 
MTJ stack, and a low-k dielectric layer interposing the first and second conductive layers. Such 
an embodiment may also include a substrate, wherein the first and second conductive layers and 
low-k dielectric layer may collectively interpose the substrate and the MTJ stack, or the MTJ 
stack may interpose the substrate and, collectively, the first and second conductive layers and the 
low-k dielectric layer. 

[0034] Another embodiment of an MRAM device constructed according to aspects of the 
present disclosure includes first and second laterally opposing MTJ stacks each located over a 
substrate. In such an embodiment, a low-k dielectric material electrically isolates the first and 
second MTJ stacks. 

[0035] The present disclosure also introduces an integrated circuit including, in one 
embodiment, a substrate having a transistor located at least partially therein, a first conductive 
layer located over the substrate, and a first dielectric layer interposing the first conductive layer 
and the substrate. A magnetic tunneling junction (MTJ) stack is located over the first conductive 
layer. A second dielectric layer interposes the MTJ stack and the first conductive layer. A third 
conductive layer is located over the MTJ stack. A third dielectric layer interposes the third 
conductive layer and the MTJ stack. At least a portion of at least one of the second and third 
dielectric layers proximate the MTJ stack comprises a low-k dielectric material. 
[0036] The foregoing has outlined features of several embodiments so that those skilled in 
the art may better understand the detailed description that follows. Those skilled in the art 
should appreciate that they may readily use the present disclosure as a basis for designing or 
modifying other processes and structures for carrying out the same purposes and/or achieving the 
same advantages of the embodiments introduced herein. Those skilled in the art should also 
realize that such equivalent constructions do not depart fi-om the spirit and scope of the present 
disclosure, and that they may make various changes, substitutions and alterations herein without 
departing fi-om the spirit and scope of the present disclosure. 
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